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1983.—The effects of microinjections of adrenergic receptors agonists and antagonists into the median raphe nucleus (MR)
on behavior and serotonin (SHT) metabolism was examined in rats. Administration of adrenergic alpha, and alpha, receptor
agonists (noradrenaline, phenylephrine, clonidine) produced behavioral excitation in the open field test and a tendency to
decrease the forebrain 5-hydroxyindolo-acetic acid (SHIAA) concentration. Opposite effects were seen after microinjection
of adrenergic alpha receptor antagonists (phenoxybenzamine, phentolamine but not yohimbine). A significant negative
correlation was found between the effects on locomotor activity and SHIAA levels in these rats. No effect was present after
injection of beta receptor agonist salbutamol or antagonist propranolol. It is suggested that noradrenaline released from
noradrenergic terminals in the MR tonically inhibits the activity of SHT neurons thus producing symptoms of SHT
deficiency and that this action of noradrenaline is probably limited to the effects on alpha, but not alpha, nor beta

adrenoceptors in this brain region.
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SINCE 20 years brain catecholamines (CA) and
5-hydroxytryptamine (serotonin, SHT) have been commonly
believed to be intimately involved in the regulation of behav-
ioral processes as well as of brain bioelectric activity.
Moreover, it appeared that the homeostasis of various brain
activities depends upon the functional balance in these neu-
rotransmitter systems as well as other putative neurotrans-
mitters and neuromodulators [8, 10, 21].

This assumption was evolved from the finding that phar-
macological and surgical manipulations affecting selectively
brain SHT and CA neurons oppositedly influence various
behavioral processes such as locomotion, exploratory be-
havior, aggression and learning {8, 9, 21, 22, 23]. Increasing
of CA transmission usually activates various forms of
animals behavior, while SHT mimetic action suppresses
them [21].

The anatomical substrates for such interaction have been
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found in the brainstem CA and SHT nuclei as well as in the
telencephalic terminal areas for axons arising from these
loci. The concomittant CA and 5HT innervation was dis-
covered in the brainstem serotonergic dorsal and median
raphe nuclei, noradrenergic (NA) locus coeruleus nucleus,
dopaminergic (DA) substantia nigra, as well as in the neos-
triatum, hippocampus, limbic forebrain, cortex and other
telencephalic regions [2, 3, 4, 25, 31].

There is many data indicating the functional antagonism
between CA and SHT systems. For example, lesions to the
raphe nuclei were shown to produce an increase in forebrain
concentration of the main NA metabolite—3,methoxy,
4,hydroxyphenylglycol (MOPEG), as well as antag-
onized the cataleptic and depressive action of DA recep-
tor blockers—neuroleptics, thus suggesting an opposite role
of the raphe nuclei in CA-dependent behavioral and
biochemical effects [17, 18, 20]. Similarly, Hollister et al.



28
A
—-—Quide
cannuia
DR
MR /2mp,

PLAZNIK ET AL.

FIG. 1. (A) A schematic drawing showing the place of implantation of the guide cannula and injection of drug solutions. A—aqueduct;
DR~-dorsal raphe nucleus; MR—median raphe nucleus (B) A photomicrograph showing typical brain damage caused by cannula implantation

and microinjections into the MR area.

[13] reported that pretreatment with p-chlorophenylalanine
(a SHT synthesis inhibitor) or 5HT receptor blockers,
strongly potentiated the excitement after administration of
CA releasing agent—amphetamine. Deficiency of SHT after
median raphe (MR) lesion, produced in the locus coeruleus a
significant rise in the concentration of tyrosine hydroxylase,
a step limiting enzyme for CA synthesis [26].

In order to get a further insight into the possible NA vs.
SHT interaction, we have analysed some behavioral and
biochemical effects of microinjections of NA receptor
agonists and antagonists into the median raphe nuclues (MR)
of the rat.

METHOD

Male Wistar rats, weighing 180-200 g were used for the
experiment. Rats were kept 4-6 to a cage under standard
laboratory conditions, with food and water ad lib.

The surgical procedure of cannula implantation was per-
formed as described elsewhere {1]. In short, rats were
anesthetized with ether and a guide cannula was then in-
serted 2 mm above the MR region according to the param-
eters of the Konig and Klippel atlas of rat brain [24]: A 0.35
mm, L 0.7 mm, V 3.8 mm, under the angle of 15° to avoid
bleeding. The cannula was attached to the skull cap with
metal screws and acrylic cement (Fig. 1A). At least one week
of recovery was allowed after surgery.

Microinjections of drug solutions were made with 5.0 ul
Hamilton microsyringe, in a volume of 0.5 ul during 30 sec.
Injection needle protruded 2 mm below the tip of the guide
cannula. Each experimental group was injected 2 to 3 times
with various doses of the same drug, and at least 4 days of
interval between consequent treatment was allowed.

The following drugs were microinjected: noradrenaline
bitartrate (Koch Light Lab.), phentolamine chlorhydrate
(Ciba-Geigy), phenoxybenzamine chlorhydrate (Smith Kline
and French Lab.), clonidine chlorhydrate (Boehringer Ing.),
phenylephrine chlorhydrate (Sigma), yohimbine chlorhy-

drate (Polfa), salbutamol sulphate (Polfa) propranolol
chlorhydrate (Polfa). Each solution was prepared immidately
before usage, and 0.9% NaCl was applied as a solvent.

Behavioral testing started 30 min after microinjection, in a
open field arena (1x1 m), divided into 16 squares—4 central
and 12 peripheral. The following parameters were recorded
for 5 min: number of crossings of peripheral squares, number
of rearings (measure of exploration).

After final injection rats were 30 min latter killed by de-
capitation and their brains quickly divided by precollicular
section into the brainstem and forebrain parts. The
brainstems were then fixed in 5% formalin solution and
checked for the place of implantation after staining with H
and E. The forebrains in turn were analyzed for the concen-
tration of 5,hydroxyindoloacetic acid, (a main SHT metabo-
lite), according to Haubrich and Denzer [12] and Korf and
Sebens [16].

In a separate set of the experiment, the effects of microin-
Jjections of drugs with most potent and antagonistic action on
behavior (clonidine and phenoxybenzamine) was tested for
the changes in SHT and 5,hydroxyindolacetic acid (SHIAA)
levels in the hippocampus and cortex as well as in the ‘‘rest”’
of the telencephalon (mesen-diencephalon), in order to lo-
calize more precisely the anatomical substrates for the ob-
served behavioral effects.

Behavioral data were compared with Mann-Whitney
nonparametric test, two-tailed, biochemical results with Stu-
dent ¢ test for independent measures, and correlation be-
tween behavioral and biochemical changes was done with
Spearman correlation test [27].

RESULTS

Out of 120 implanted rats, about 15% was rejected be-
cause of incorrect cannula placement, neurological disturb-
ances (ataxia, circling) or cannula clogging. Most rats were
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TABLE 1

THE EFFECTS OF MICROINJECTIONS OF ADRENERGIC RECEPTOR
AGONISTS INTO THE MEDIAN RAPHE NUCLEUS ON THE
BEHAVIOR OF RATS, MEASURED IN THE OPEN FIELD TEST
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TABLE 2
THE EFFECTS OF MICROINJECTIONS OF ADRENERGIC RECEPTOR

ANTAGONISTS INTO THE MEDIAN RAPHE NUCLEUS ON THE
BEHAVIOR OF RATS AS MEASURED IN THE OPEN FIELD TEST

peripheral number of peripheral number of
squares rearings squares rearings
control n=6 51.8 = 12.5 16.2 = 3.5 control n=7 626 + 99 173 £ 2.7
NA 5 ug n=6 76.3 = 8.2% 13.3 £ 3.2 Yoh. 2 ug n=8 854 +17.8 239 + 3.8
control n=>5 19.8 + 43 7.8 %25 control n=7 487+ 74 9.7 x 2.1
NA 10 ug n=6 41.5 = 5.6% 11.3 = 2.1 Yoh. 6 ug n=8 51.4 = 15.2 99+ 1.6
control n=6 185+ 1.6 10.2 = 1.2 control n=6 27.5 £ 11.0 6.7 = 2.1
Clo. 2 ug n=6 36.0 + 1.8* 13.6 = 1.1 Phenox. 3 ug n=6 11.3 + 4.8 2.0 £ 0.7
control n=6 29.8 = 8.1 125 £ 2.5 control n=6 120.0 = 19.7 15.2+ 2.5
Clo. 4 ug n=6 56.7 + 9.3* 23.2 £ 2.2% Phenox. 6 ug n=6 50.2 + 7.2% 9.4 + 1.1
control n=6 253+ 7.8 5220 control n=6 362+ 8.5 10.0 = 2.1
Phen. 3 ug n=6 61.3 + B8.9* 11.7 £ 4.0 Phent. 6 ug n=7 16.0 = 5.5* 4.3 = 1.0*
control n=6 420+ 6.1 10.5 £ 2.3 control n=5 43.4 + 17.2 133 54
Phen. 6 ug n=7 74.0 + 5.9% 154 = 1.7F Phent. 6 g n=5 11.2 = 6.9* 2.8 = 0.5%
control n=35 152+ 7.9 3015 NA 10 pg
S.6pug n=6 17.5 + 6.6 6.0+ 14 control n=6 46.8 + 10.5 12.7 = 2.2
P.6 ug n=7 54.6 = 13.9 14.3 + 4.6

Data are expressed as mean + SEM.

NA—noradrenaline, Clo.—clonidine,
S.—salbutamol.

*=p<0.05, T=p<0.025, £=p<0.005, differs from control.

Phen.—phenylephrine,

implanted in the MR region, with the anterior-posterior pa-
rameter showing the greatest variability (A 0.2-0.4 mm)
(Fig. 1).

Microinjection of NA alpha, and alpha, receptor
agonists: clonidine, noradrenaline and phenylephrine into
the MR produced behavioral excitation as shown by increase
in number of peripheral squares crossed and number of rear-
ings (Table 1). (Because of variability of behavioral measures
between various control groups, resulting from habituation
and seasonal changes, we did not pool the results of controls
but the data from each control group are shown separately).
The most pronounced effect was seen after clonidine and
phenylephrine microinjection. These drugs produced also
clear tendency to decrease the wholebrain concentration of
SHIAA, but this effect did not reached the significance level
(Fig. 3). The treatment with beta, receptor agonist—
salbutamol did not cause any noticeable effect (Table 1).

Opposite behavioral and biochemical effects were ob-
served after injection of NA alpha, and alpha, receptor
antagonists phenoxybenzamine and phentolamine: behav-
ioral inhibition as evidenced by fall in number of peripheral
squares entered as well as in number of rearings (Table 2).
Additionally, phentolamine when injected 30 min before NA
treatment caused a total antagonism of the excitatory effects
of this monoamine on behavior (Table 2).

These drugs seemed to increase also the forebrain SHIAA
concentration, but once again no statistical significance was
found (Fig. 3). Phenoxybenzamine produced the most potent
changes in behavior. On the other hand alpha, receptor
antagonist yohimbine as well as beta receptor antagonist
propranolol were both ineffective neither changing behavior
nor SHIAA levels.

Figures 2 and 3 summarizes the percentage of changes in
behavior (peripheral squares) and in SHIAA levels respec-

Data are expressed as mean = SEM.

Yoh.—yohimbine, Phenox.—phenoxybenzamine, Phent.—phen-
tolamine, NA—noradrenaline, P.—propranolol. *=p<0.05,
t=p<0.025, $=p<0.005.
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FIG. 2. The summary representation of the effects of microinjec-
tions of some adrenergic agonists and antagonists into the MR on
behavior (peripheral squares crossed), expressed as a percentage of
control rats activity. NA—noradrenaline, Clo—clonidine, Phen—
phenylephrine Phent—phentolamine, Phenox—phenoxybenza-
mine, Yoh—yohimbine, S—salbutamol, P—propranolol For further
explanations see Tables 1 and 2.

tively, after microinjections of NA agonists and antagonists
into the MR, as compared with control treated rats. Spear-
man correlation test showed significant negative correlation
between the effects of intraraphe administration of adrener-
gic agonists and antagonists on behavior (peripheral squares
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FIG. 3. The summary representation of the effects of some adrener-
gic agonists and antagonists microinjections into the MR on the
wholebrain concentration of SHIAA, expressed as a percentage of
control values. For further explanations see Fig. 2.

crossings) and forebrain SHIAA levels (n=6, p=-0.94,
p<0.01).

More detailed examination of changes in forebrain SHT
and SHIAA levels has revealed that phenoxybenzamine but
not clonidine microinjection significantly increased SHT
concentration in the mesen- diencephalon (Fig. 4). No signif-
icant variations in SHIAA levels after such treatment was
present (Fig. 4).

DISCUSSION

The present study supports the assumption that microin-
jections of NA agonists and antagonists into the MR can
modulate the activity of SHT neurons as indicated by
changes in animals behavior and forebrain levels of SHT and
SHIAA. Noradrenaline and NA agonists (e.g., phenyleph-
rine) potentiated locomotor activity and exploration with
concomittant tendency to decrease forebrain SHIAA con-
centration. On the contrary, NA antagonists (phenoxyben-
zamine, phentolamine) produced symptoms of behavioral
depression and tendency to increase SHIAA levels in the
forebrain. Moreover a significant negative correlation be-
tween the effects on behavior and forebrain SHIAA levels
after such treatments was found.

From the other hand it is known that inhibition or stimu-
lation of serotonergic activity of the MR neurons with other
methods (electrolytic or chemical lesion, microinjections of
SHT receptor agonists and antagonists) usually results in be-
havioral and biochemical symptoms closely resembling ob-
served by us effects of microinjections of NA agonists and
antagonists respectively [7, 8, 14, 19]. For example, elec-
trolytic lesion to the MR was reported to cause strong behav-
ioral excitation and decrease in forebrain SHT turnover [29].

Thus the underlying assumption is that microinjection of
NA and NA agonists into the MR produces a temporarily
hypofunction of SHT neurons in the MR, followed probably
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FIG. 4. The effects of microinjections of clonidine and phenoxyben-
zamine into the MR on the concentration of SHT and SHIAA in the
cortex + hippocampus and mesen + diencephalon structures of the
brain. Data are expressed as mean+SEM. C—control, n=8; Clo—
clonidine, 4 pug, n=8; Phenox—phenoxybenzamine, 6 ug, n=8§;
@—differs from control rats, p<0.01.

by decreased SHT turnover in their forebrain terminal areas
as evidenced by mentioned above changes in behavioral and
biochemical data. Opposite effects should occur after micro-
injection of NA antagonists into the MR. Indeed, it has been
shown by us that phenoxybenzamine, an alpha, receptor
antagonist [6], caused besides its depressant effect on behav-
ior a significant increase in SHT level in the mesen- di-
encephalon and tendency to increase the wholebrain SHIAA
concentration. Similarly, a nonselective alpha,/alpha, recep-
tor blocker phentolamine [5] induced both: behavioral inhi-
bition and some but insignificant increase in the wholebrain
SHIAA level. Additionally, phentolamine antagonized be-
havioral excitation after NA microinjection, when prein-
jected 30 min earlier into the MR.

These results can be interpreted as suggesting the in-
crease in SHT turnover and greater availability of this
monoamine in the forebrain target areas.

Quoted herein results together with the discussed previ-
ously data on behavioral and biochemical antagonism be-
tween NA and 5HT systems (see introductory paragraphs)
may therefore indicate that the MR region can be important
for such interaction. We hypothetize that NA released phys-
iologically from the NA terminals in this area tonically in-
hibits the function of 5SHT neurons and as a result modulates
the behavioral symptoms related to the function of SHT
neuronal system. Likewisely Kostowski’s and Gumulka’'s
[19] and Key’s and Kryzywosinski’s [15] studies of the ef-
fects of microinjections of NA agonists into the dorsal raphe
nucleus of the cat on cortical EEG pattern, indicated that
dorsal raphe nucleus might receive a NA inhibitory input.
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Another notion which can be evolved from our study is
that NA released in the MR exerts its inhibitory action upon
SHT neurons probably via stimulation of alpha, adrenocep-
tors.

Microinjection of NA as well as pure alpha, receptor
agonist phenylephrine {32], caused similar effects (activation
of behavior) contradictory to that produced by alpha, recep-
tor antagonist phenoxybenzamine. On the other hand
yohimbine, an alpha, receptor antagonist [5,32], was com-
pletely ineffective in our hands, thus suggesting the minor
role for the alpha, adrenoceptors in this brain region. The
results with clonidine need more careful interpretation.
Clonidine preferentially stimulates the alpha, adrenergic re-
ceptors, inhibits NA release from presynaptic stores and
thus produces symptoms of behavioral depression [5,32].

In our experimental model this drug caused behavioral
and biochemical effects qualitatively similar to that seen
after phenylephrine or NA treatment. This contradiction
may be explained by the fact that clonidine was found to
stimulate also alpha, receptors under some experimental
conditions [34].

The same conclusion can be drawn from the analysis of
the effects of phentolamine, a nonselective alpha,/alpha, re-
ceptor blocker [5]. This drug produced behavioral changes
similar to that observed after microinjection of selective al-
pha, receptor antagonist—phenoxybenzamine. As in the
case of clonidine, the results with phentolamine can be inter-
preted as further pointing out the predominant role of alpha,
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adrenoceptors in the MR nucleus in producing observed by
us effects.

The lack of behavioral changes after microinjection of
beta adrenoceptor agonists and antagonist: salbutamol and
propranolol [28], indicates that this receptor system does not
probably occur in the MR or that its function is secondary to
or hindered by predominant alpha, receptor activity. Fur-
thermore it was recently found that 8-agonists increase the
SHT turnover after peripheral or intraventricular injection
but not after microinjection into the dorsal raphe nucleus [33].

Our results, taking together, point at the specificity of
distribution of adrenergic receptors in the MR area. This
notion is not probably limited to this brain region only, since
different distribution of alpha, and alpha, adrenoceptors was
found in various structures of the brain [11,30].

In conclusion our data present an evidence for the exist-
ence of NA vs. 5HT interaction taking place in the MR nu-
cleus. Noradrenaline release from NA terminals in this area
seems to tonically inhibit the activity of SHT neurons, thus
producing symptoms of behavioral excitation and decrease
in SHT turnover rate. This action of NA is probably limited
to the effects on alpha, adrenoceptors in this raphe nucleus.
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